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ATMOSPHERIC  ATTENUATION  OF  NEAR  INFRARED 
RADIATION  PROPAGATING  THROUGH  FOG 

Song  Zhengfang  and  Han  Shouchun 

Anhui  Institute  of  Optics  and  Fine  Mechanics 
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ABSTRACT : 

In  the  lighi  «Hh.  meMnrem«nJ  d.ta  in  red  tte  ettenneilon  proper- 

«es  of  near  Infrerni  ledletton  of  Q.A.  LED  propegetog  fhiongh  fog  ere  diecoesed. 
CompansOM  of  the  ettenmaon  ooeftoient  irilli  the  .linnlianMnsIy  obserred 
meteorologlcd  -rtabillt,  show  tbrt  there  le  .  doe.  reWonehip  between  them.  This 
oonclnaion  ia  proved  Iqr  the  theoretical  calculation. 


I .  Introduction 

Attenuation  of  GaAs  near  infrared  radiation  in  the 
atmosphere,  especially  in  fog,  is  a  very  interesting  problem  to 
many  infrared  engineering  researchers.  Some  researchers  have 
attained  some  results  [1] .  Many  tests  were  conducted  by  the 
authors  at  Qingdao  and  Huangshan  Mountains.  As  revealed  in  the 
results,  there  is  a  close  relationship  between  attenuation 
coefficient  and  atmospheric  visibility.  The  relationship  can  be 
appropriately  described  by  the  Koschmieder  formula  [2].  The 
conclusion  has  been  verified  by  measurements  at  different  periods 
at  same  or  different  sites,  and  by  theoretical  calculations  by 
using  cloud  and  fog  data  at  the  Lushan  Mountains  [3] . 
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II.  Measurements 


1 .  General  situation 

!  I 

The  measurement  equipment  Is  divided  Into  two  portions; 
emission  and  receiving.  The  emitting  terminal  Is  composed  of  an 
emitting  telescope,  a  GaAs  light  emitting  diode  (LED),  as  well  as 
modulating  and  steady-current  circuits.  The  receiving  terminal 
is  composed  of  a  receiving  telescope,  a  pre-amplification  stage, 
a  frequency-selecting  stage,  phase-sensitive  wave  detection,  gain 
control  and  a  computer.  The  emitting-receiving  telescope  is  a 
nonspherical  object  lens  with  aperture  ^ell6mm,  focal  length 
f =177. 1mm,  and  visual  field  approximately  14mrad.  The  effective 
emitting  power  of  the  LED  is  lOmW  (including  consumed  power  of 
optical  components).  The  maximum  effective  power  that  the 
receiving  terminal  can  receive  is  50pW;  the  activity  range  of  the 
receiving  system  is  80dB.  If  two  terminals  are  100m  apart,  the 
equipment  can  measure  radiation  with  transmissibility  as  low  as 
5x10*®.  After  demodulation  with  frequency  selection,  the 
receiving  signals  are  sampled  by  a  microcomputer  with  an  A/D 
converter  for  10  seconds  of  sampling  at  10  samplings  per  second. 
Finally,  computation  is  conducted  according  to  the  following 
equation; 


^ - ln(I/I,)/li  ( 1 ) 

In  the  equation,  L  is  the  distance  between  two  terminals;  I  is 
signal  intensity  thus  measured;  Iq  is  signal  radiation  when 
visibility  is  greater  than  40km.  The  computation  results  are 
outputted  in  real  time  by  a  printer. 

During  measurement,  one  sampling  is  conducted  for  every  two 
(or  four)  minutes.  Measurements  of  target  sensitivity  and 
sampling  are  conducted  simultaneously,  coordinated  by  a 
meteorology  station  located  in  the  experimenting  area.  However, 
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as  restricted  by  terrain,  it  was  not  possible  to  establish 
appropriate  markings  as  required  for  reference,  therefore  errors 
of  visually  measuring  visibility  are  relatively  high.  Generally 
the  visibility'  is  determined  and  verified  by  two  or  more  testing 
personnel . 

Experiments  were  conducted  at  Qingdao  in  July  1985,  and  at 
Huangshan  Mountains  in  the  period  of  September  through  October  in 
1985,  mainly  to  measure  atmospheric  attenuations  when  there  was 
sea  fog.  Two  terminals  of  equipment  were  165m  apart;  the 
underlying  plane  of  the  optical  path  is  the  sea  beach.  The 
experimental  sites  at  Huangshan  Mountains  were  Guangming  Peak  and 
Fucun  Village  below  the  mountain.  The  experimental  distance  at 
Guangming  Peak  was  94m.  The  emitting  terminal  was  sited  at 
Liandanfeng  Peak  while  the  receiving  terminal  was  sited  at  an 
on-shift  room  in  third  floor  of  the  meteorological  station.  The 
experimental  distance  at  Fucun  Village  was  100m  as  the  optical 
path  was  along  a  creek. 

2.  Measurement  results 

There  were  two  occasions  of  dense  sea  fog  during  experiments 
at  Qingdao  between  06.30  and  16.00  hours  on  July  6,  and  between 
06.30  and  13.00  hours  on  July  9.  Fog  moved  past  the  optical  path 
on  the  sea,  mainly  cluster  shaped  with  moderate  development 
throughout  the  period.  Figure  1  shows  variation  of  attenuation 
coefficient  with  time;  the  dotted  line  is  the  measured 
attenuation  coeffient  while  the  solid  line  is  derived  from  the 
improved  Koschmieder  formula  [2] . 

(2) 

At-3 .912/F*(X/0.66) 

Deduced  from  the  visually  measured  visibility  V„  (km).  A,  is 
wavelength  (pm)  in  the  equation.  From  Fig.  1,  both  variation 
trends  are  quite  consistent,  and  the  quantitative  relationship  is 
also  relatively  consistent. 
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Fig.  1  The  attenuetioa  ooefieient  of  aes  fog  as  a 
foaotion  of  time  (Joly  9,  1985,  Qingdao). 


Key:  a  -  Beijing  time 

Figure  2  shows  the  typical  measurement  results  at 
experiments  on  Huangshan  Mountains.  With  density  changing 
abruptly  with  time,  the  fog  on  the  mountain  is  actually  a  cloud 
as  seen  from  the  ground.  In  the  period  between  12.50  and  14.30 
hours  as  shown  in  the  figure,  drizzle  formed  from  large  fog  drops 
so  measurement  was  suspended.  Between  15.50  and  16.40  hours, 
signals  were  suspended  as  the  fog  became  very  dense.  Measured  at 
Fucun  Village  below  the  mountain  was  morning  radiation  fog  with 
steady  denseness.  Ranges  of  attenuation  and  variation  are 
similar  to  that  of  sea  fog  at  Qingdao. 


Fig.  2  The  attenuation  coefficient  of  Mount 
Hoang  Shan  fog  as  a  f  onetioa  of  time 
(Sept.  27,' 1985) 

Key:  a.  Beijing  time. 
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Up  to  1000  data  were  obtained  In  both  experiments.  Most 
data  match  with  the  measured  visibility.  From  Figs.  1  and  2,  the 
correlation  between  attenuation  coefficient  and  visibility  is 
relatively  consistent.  As  statistically  revealed  by  all  data, 
the  correlation  coefficient  is  upwards  of  0.9. 

Figure  3  shows  the  comparison  of  mean  values  of  the  measured 
attenuation  coefficient  (Pexp)  at  different  time  periods  at  same 
(or  different)  site.  The  theoretical  value  of  attenuation 
coefficient  is  derived  from  equation  (2).  We  can  see  that 
generally  speaking  these  measurement  results  are  quite  consistent 
with  the  Koschmieder  formula. 


III.  Discussions 

To  explain  the  problem  further,  the  authors  discuss  it 
theoretically. 
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Fog  attenuation  of  various  radiations  can  be  calculated  in 
principle  based  on  the  Mie  scattering  theory  with  respect  to  a 
certain  fog  crystal  spectrum.  The  general  expression  equation  of 
attenuation  coefficient  is 

X)i»(r)r*dn  (3) 

In  the  equation,  r,  X)  is  attenuation  efficiency  factor, 

which  is  a  function  of  complex  refractive  index  m,  particle 
radius  r(pm)  and  radiation  wavelength  A(pm);  n(r)  is  the  number 
of  particles  when  radius  of  unit  volume  is  between 

r+1/2  dr  and  r-1/2  dr.  The  exact  formula  of  attenuation 
efficiency  factor  has  been  given  by  Mie.  However,  since  the 
radius  of  fog  crystals  is  generally  between  1  and  lOjjm  with  its 
dimension  coefficient  generally  Q^(m,  r,  X) 

can  be  calculated  by  using  the  approximate  method  provided  by 
Deirmandjian  [4]. 


The  mostly  used  model  of  dimension  distribution  is  V 


distribution : 


«  (r)  -  or*  eip  (  -  cr) ; 


(4) 


In  the  equation,  a,  b  and  c  are  fitting  parameters.  As  revealed 
in  actual  observation,  equation  (4)  can  be  applied  to  obtain 
better  fitting  effect  [5].  In  this  model,  various  fitting 
parameters  can  be  derived  from  easily  measured  macroscopic 
physical  quantities,  such  as  modal  radius  ,  particle  number 

density  N(cm'^)  and  water  content  W(g/cm^)  in  unit  volume.  Based 
on  definition  of  these  physical  quantities  and  equation  (4),  we 
can  prove  the  following 


a-Nc^»/rQ>+l)\ 


(5) 

(6) 


Value  of  b  can  be  derived  from  the  following  equation 


6 


(7) 

In  the  equation,  r(x)  is  Gamma  function,  and  p  is  water  densl'ty 
( 1  g/cm^ ) . 

Reference  [3]  provides  in  detail  the  data  of  cloud  and  fog 
on  the  Lushan  Mountains.  Thus,  calculations  are  conducted  by  the 
authors.  In  the  calculations,  Al*0.55pm,  X2=0.9pm.  The  complex 
refractive  indexes  are,  mi=332-1.96xl0-’i,  and  m2=1.32-4.86xl0-^ 
respectively  [6].  Refer  to  Table  1  where  only  one  half  of  data 
are  listed.  In  Fig.  4,  comparisons  between  calculated  p( 0.55pm) 
and  measured  values  of  visibility  are  shown.  The  curve  in  Fig.  4 
is  plotted  based  on  equation  (2).  From  the  figure,  although 
variation  of  the  fog  crystal  spectrum  is  on  the  high  side  yet  the 
mean  value  of  attenuation  coefficient  is  still,  more  or  less, 
consistent  to  the  estimation  given  by  the  Koschmleder  formula. 
Besides,  from  the  fact  that  the  vast  majority  of  ratio 
R=p(055pm)/p(0.9)  of  attenuation  coefficients  in  two  wavelengths 
are  greater  than  0.96,  the  attenuation  coefficient  at  0.9pm 
wavelength  is  still  consistent  with  the  above-mentioned 
conclusion.  However,  we  should  note  that  ratio  here  is  a 
constant  smaller  than  1  with  little  variation.  However,  R 
estimated  by  equation  (2)  should  be  greater  than  1  and  varies 
with  visibility  rule.  This  apparently  reveals  that  fog 
attenuation  described  with  visibility  has  certain  limitations. 
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Kt/in 


Fig-  4  attenuation  coefficient  aa  a 
function  of  meteorological  TuibOity. 


Table  1 


The  parametew  of  fog  dlatribution  and  attenuation  i 


3S.7M5 
14.4973 
976. 6398 
.  8.4934 
'  4.7583 
11.3577 
6.3483 
34.1379 
0.0454 
3.3933 
10.4958 
6.7060 
0.0374 
1.1515 


11(0.55) 

(km-i) 


11(0.55) 

11(0.9) 


588.0 

0.984 

230.5 

0.9805 

312.9 

0.957 

350.5 

0.9863 

527.9 

0.9761 

533.0  1 

0.977 

142.2 

0.9817 

1173.7 

0.975 

337.5 

0.985 

745.3 

0.97 

2159.0 

0.9813 

1877.1 

0.9957 

790.5 

0.9851 

1545.4 

0.9961 

Key:  a  -  Measured 


As  mentioned  above,  the  authors  attain  the  following 
conclusions: 

1.  Fog  attenuation  is  quite  high.  Whenl  the  visibility  is 
less  than  100m,  the  attenuation  coefficient  of  0.9pm  radiation 
can  be  as  high  as  30km*^  or  above.  Or,  the  1km  transmissibility 
is  lower  than  10’^^. 

2.  Generally  speaking,  the  Koschmieder  formula  is  correct 
without  apparent  problem  in  engineering  applications. 

The  authors  are  grateful  to  colleagues  Wang  Shaoqing,  Tu 
Ruifang,  Xu  Dezheng,  Yang  Gaochao,  Hu  Ming,  Yan  [illegible] 
Xiufen,  Shao  Shisheng  and  Liu  Xiaochun  for  their  development  of 
instrumentation,  experimental  measurements  and  data  processing. 

The  article  was  received  for  publication  on  December  3, 

1986. 
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